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@ Bolt tightening. 

(57) The present invention provides an impact 
wrench and a bolt-tightening method wherein a 
spring force is applied, through the circumfer- 
ence of a spindle (6) coupled with the output 
shaft of an electric motor, in the forward direc- 
tion to a hammer (8) which is capable of forward 
and rearward movement and of rotational mo- 
tion following said spindle (6), with said ham- 
mer (8) and impact shaft (9) being brought in 
coaxial mesh alignment by leaving a gap be- 
tween them in the direction of rotation so that 
when a bolt to be tightened is inserted into a 
socket fixed to an end of said impact shaft (9) to 
permit the bolt to be tightened, the mesh con- 
tact with said impact shaft (9) is released as a 
result of said hammer (8) being lifted up in the 
rearward direction against the reaction force 
due to the tightening of said bolt, and as said 
hammer (8) is again brought into mesh contact 
with the impact shaft (9) under the spring force 
applied in the forward direction so that an 
impact force is generated with respect to the 
direction of rotation of said impact shaft (9), an 
impact sensor (31) detecting the release of said 
hammer (8) from said impact shaft (9) and an 
angle sensor (32) measuring the angle of rota- 
tion of said impact shaft (9) are provided, so as 
to measure the torque of said impact shaft (9) by 
measuring the amount by which the angle of 
rotation of said impact shaft (9) advances each 
time said impact force is generated and to 
measure the amount by which the angle of 
rotation of said impact shaft (9) advances from 
the time at which said measured torque has 
reached the previously set snug torque value, 
so that the power supply to said electric motor 
is disconnected when the amount of advance- 
ment of the rotational angle has reached the 
pre-defined value of the preset angle of rotation 
to stop the rotation of said impact shaft (9) 
through the braking circuit. 



FIG. I 
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FIG. Kb) 
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This invention refers to railway construction, and 
particularly concerns an impact wrench for the tight- 
ening of bolts for railway track fixed by means of a 
plate-shaped tightening spring, and further relates to 
a method for tightening bolts using an impact wrench 
designed so that bolt tightening is achieved with the 
required spring compression force by measuring the 
angle of rotation of the impact shaft from the time of 
the preset snug torque's being generated. 

Track rails have hitherto been secured by tight- 
ening bolts on to wooden, metal and concrete cross- 
ties or sleepers by means of a plate-shaped tighten- 
ing spring to hold down the rail. In tightening these 
bolts, a significant level of skill is necessary as the 
application of the required tightening torque for tight- 
ening the bolts with the conventional impact wrench 
up to the prescribed spring compression force has 
had to be left to the judgement and skill of the oper- 
ator. 

The familiar impact wrench is designed so that a 
hammer is coaxially meshed with the impact shaft to 
rotate the bolt-tightening socket, with an axial force 
being applied to said hammer by means of a spring in 
the direction of the impact shaft. When bolts are tight- 
ened, the hammer rotates under the drive force of the 
electric motor and said impact shaft rotates while the 
hammer and the impact shaft are in mesh. When the 
bolt-tightening reaction force overcomes the spring 
force applied to the hammer, however, the hammer 
will be lifted and separated from the impact shaft to 
permit its free rotation. Immediately after this, the 
hammer is again subjected to the spring's compres- 
sion force to come into mesh with the impact shaft. As 
this mesh contact is obtained, a knocking force is ap- 
plied to the impact shaft while the hammer is rotating 
so as to tighten the bolts. 

The impact wrench thus requires a specific tim- 
ing at which the measurement of the angle of rotation 
is commenced in order to ensure that the bolts are 
tightened by the fixed angle of rotation previously set 
by the rotational angle method. 

To achieve automatic control of the conventional 
type of impact wrench, the inventor has achieved fur- 
ther progress with the invention of an impact wrench 
using the rotating angle method in such a manner that 
the angle of rotation of the impact wrench is meas- 
ured and the electric motor is stopped when the pre- 
determined angle of rotation has been reached. (Jap- 
anese Utility Model Registration Application No. 
4430/1992) 

The impact wrench based on the rotational angle 
method disclosed in Japanese Utility Model Registra- 
tion Application No. 4430/1992, however, had been 
designed so that the ti ming for the release of the ham- 
mer from the impact shaft was specified in terms of 
the time at which the snug torque is generated so that 
the motor was stopped when the angle of rotation 
measured thereafter reached the predetermined 



amount of bolt-tightening. 

In practical bolt-tightening operations, however, it 
sometimes happens that the bottom of the rail is lifted 
up out of contact with the crosstie (floating crosstie) 

5 before the bolt is tightened. The problem in such cas- 
es is that the possibility that the motor might be stop- 
ped before the correct bolt-tightening condition was 
achieved since for the tightening of bolts by the above 
rotational angle method, the compression force for 

10 bringing the rail into contact with the PC crosstie was 
used as the reaction force acting in the upward direc- 
tion so that the measurement of the angle of rotation 
would commence before the correct snug torque was 
detected. 

15 In view of these earlier problems, the inventor has 

adopted a bolt-tightening method which is a combin- 
ation of a torque method with the rotational angle 
method for automatic impact wrench control. (Japa- 
nese Patent Application No. 19650/1993) 

20 In this bolt-tightening method, the angle of rota- 

tion of the impact shaft and the torque are measured 
from the time at which the snug torque is achieved so 
as to ensure that the electric motor will stop when 
both the impact shaft's angle of rotation and the tor- 

25 que have reached the prescribed values. 

This type of bolt-tightening method is thus capa- 
ble of resolving and overcoming the problem associ- 
ated with the rotational angle method and the problem 
inherent in the torque method, that is, the problem of 

30 the electric motor's stopping before the tightening of 
the bolt is completed in the floating crosstie condition 
and the problem of variations in the tightening force 
applied to the bolt due to the influence of varying con- 
ditions of the mating screw thread surfaces. 

35 With this combined bolt-tightening method, how- 

ever, the time at which the snug torque is generated 
was specified as the time at which the hammer is re- 
leased from the impact shaft and impact is generat- 
ed. As a result, a difference occurred in the time of 

40 completion of bolt-tightening by the rotational angle 
method and that by the torque method, thereby giving 
rise to the problem of errors arising in either of these 
methods. 

The purpose of the present invention, resulting 
45 from the above considerations, is to provide a bolt- 
tightening method using an impact wrench in such a 
manner as to resolve the conventional problems as- 
sociated with defining the time at which snug torque 
is achieved, and ensure that the correct bolt- 
50 tightening conditions are automatically achieved re- 
gardless of the environmental conditions in which 
bolt-tightening takes place. 

To overcome the above problems, the present in- 
vention provides an impact wrench and a bolt- 
55 tightening method wherein a spring force is applied, 
through the circumference of a spindle coupled with 
the output shaft of an electric motor, in the forward di- 
rection to a hammer which is capable of forward and 
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rearward movement and of rotational motion follow- 
ing said spindle, with said hammer and impact shaft 
being brought in coaxial mesh alignment by leaving a 
gap between them in the direction of rotation so that 
when a bolt to be tightened is inserted into a socket 
fixed to an end of said impact shaft to permit the bolt 
to be tightened, the mesh contact with said impact 
shaft is released as a result of said hammer being lift- 
ed up in the rearward direction against the reaction 
force due to the tightening of said bolt, and as said 
hammer is again brought into mesh contact with the 
impact shaft under the spring force applied in the for- 
ward direction so that an impact force is generated 
with respect to the direction of rotation of said impact 
shaft, an impact sensor detecting the release of said 
hammer from said impact shaft and an angle sensor 
measuring the angle of rotation of said impact shaft 
are provided, so as to measure the torque of said im- 
pact shaft by measuring the amount by which the an- 
gle of rotation of said impact shaft advances each 
time said impact force is generated and to measure 
the amount by which the angle of rotation of said im- 
pact shaft advances from the time at which said 
measured torque has reached the previously set snug 
torque value, so that the power supply to said electric 
motor is disconnected when the amount of advance- 
ment of the rotational angle has reached the pre-de- 
fined value of the preset angle of rotation to stop the 
rotation of said impact shaft through the braking cir- 
cuit 

The method and apparatus of the invention will 
now be described in detail with reference to the ac- 
companying drawings in which: 

Figure 1a is a cross-sectional drawing of an im- 
pact wrench according to this invention; 
Figure 1b is a partial cross-sectional drawing of 
a nut socket capable of being installed to replace 
the bolt socket of the impact wrench shown in Fig- 
ure 1a; 

Figures 2a and 2b are partial cross-sectional 
drawings of the impact-generating part of the im- 
pact wrench according to this invention; 
Figure 3a is a view taken in the direction of line 
A-A of the angle sensor according to this inven- 
tion; 

Figure 3b is a waveform diagram for the output 
voltage signals from the angle sensor of Figure 
3a; 

Figures 4a to 4c are sectional drawings illustrat- 
ing the shape sensor and socket sensor for the 
bolt socket of the impact wrench; 
Figures 5a to 5c are sectional drawings illustrat- 
ing the shape sensor and socket sensor for the 
nut socket of the impact wrench; 
Figures 6a to 6c are explanatory drawings illus- 
trating the bolt-slackening action using the im- 
pact wrench; 

Figure 7 shows a bolt-tightening machine with 



two built-in impact wrenches of the present in- 
vention mounted on the left and right, respective- 
ly; 

Figure 8a is a circuit diagram of the impact 
5 wrench according to this invention; 

Figure 8b is a circuit diagram of the brake circuit 
of the impact wrench according to this invention. 
Figure 9 is a chart illustrating the bolt-tightening 
operation of the impact wrench according to this 
10 invention; 

Figure 10 is a chart illustrating the bolt- 
slackening operation of the impact wrench ac- 
cording to this invention; and 
Figure 11 shows the relationship between the 
15 tightening torque and the rotational angle for the 
floating crosstie or sleeper associated with the 
impact wrench according to this invention. 
This invention is characterised in that the timing 
for the generation of the snug torque is not, as has 
20 been the case in the past, taken as the time of the 
start of impact generation, varying as this does as a 
result of different factors but that the tightening reac- 
tion force of each bolt being tightened is detected af- 
ter an impact has been generated by measuring the 
25 angle of rotation through which the bolt advances with 
each impact, that is, by measuring the amount of ad- 
vance of the rotational angle associated with any one 
impact, in such a manner that the time at which the 
amount of angular advancement has reached a pre- 
30 set snug torque (the predetermined snug torque val- 
ue) is taken as the origin for beginning to measure the 
angle of rotation of the impact shaft, with the electric 
motor stopping when this rotational angle has 
reached a predetermined value (the set rotational an- 
35 gle value). 

In this bolt-tightening method, the predetermined 
snug torque value is variable so that it can be set in 
accordance with the bolt-tightening environment. 
Figure 11 is used here to explain the operation us- 
40 ing the impact wrench shown in Figure 1 for tightening 
floating crosstie bolts. 

Figure 11 shows that the torque a for generating 
the impact is smaller than the torque needed for lifting 
the floating crosstie (lift-up torque b). The predeter- 
45 mined snug torque value c is set to a value larger than 
this lift-up torque b. 

When the bolt socket 18 mounted on to the im- 
pact shaft 9 is seated onto a bolt head, and the elec- 
tric motor 2 is started, the bolt head will correctly 
50 mesh with the socket 18 when the shape sensor 34 
has switched on (d) so that a fit is detected on the 
plate spring. 

When the hammer 8 lifts from the impact shaft 9 
and the impact sensor 31 switches ON (e), an impact 
55 is generated which impact is taken as the starting 
point (origin) for measuring, with angle sensor 32, the 
amount of advance of the rotational angle with each 
impact. Since these impacts are of constant energy, 
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i.e. each blow delivered to the impact shaft has the 
same energy as the last and the next blows, the angle 
through which the impact shaft moves at each impact 
is a measure of the torque applied by resistance to ro- 
tation of the fastener (bolt or nut) being tightened, and 
is thus a measure of the torque applied to the fastener 
by the wrench. As each impact is generated as a re- 
sult of the impact created as the plate spring's com- 
pression reaction force, it follows that this is the time 
at which the plate spring begins to compress. 

In the case of floating crossties, the crosstie will 
still remain separated from the rail even when such 
an impact is generated so that the lift-up torque b will 
remain practically unchanged until the crosstie 
makes contact with the rail, and this occurs irrespec- 
tive of the advance of the rotational angle. When the 
crosstie does make contact with the rail, the plate 
spring used for holding down the rail will begin to be 
compressed so that the torque will increase. 

At the time (f) at which the angle of advance of the 
impact shaft 9 with each impact as measured with an- 
gle sensor 32 has reached the angle associated with 
the predetermined snug torque value, this is taken as 
the starting point for measurement of the total rota- 
tional angle required for tightening the bolt to the re- 
quired final torque. Starting from this point, the rota- 
tional angle of the impact shaft 9 is measured with an- 
gle sensor 32, and the rotation of the impact shaft 9 
will be competed when this value has reached the 
predetermined rotational angle value. 

The following practical examples of the present 
invention are used to explain this invention, making 
reference to the attached drawings. 

The impact wrench shown in Figure 1a has an 
elecric motor 2 installed in casing 1 , and the circum- 
ference of its output shaft 3 is supported in a bearing 
4. At the front end of the output shaft 3 of the electric 
motor 2, there is a gear 3a on its circumference, and 
the two idling gears 5 and 5 meshing with said gear 
3a are supported in symmetrical positions at the rear 
end of the spindle 6. The circumferential gear portions 
of the two idling gears 5 and 5 are in mesh with the 
internal gear portion of a ring gear 7 which is mounted 
in casing 1. 

This arrangement is designed so that when the 
output shaft 3 of the electric motor 2 rotates, the Idling 
gears 5 and 5 on both sides will rotate, being guided 
by ring gear 7, with the result that spindle 6 will rotate 
at a speed slower than that of shaft 3. 

As shown in Figure 2, the interior of the hammer 
8 has a cup-shaped spring cap 11 inserted at the rear 
end of spindle 6 while the hammer 8 is a freely sliding 
fit on the circumference of the front part of spindle 6. 
The rear portion of the hammer 8 forms an outer cy- 
linder 8c and the interior of this outer cylinder 8c is a 
free-sliding fit on the circumference of the spring cap 
11. Between the spring cap 11 and the hammer 8, a 
spring 12 is provided in a coaxial arrangement with 



spindle 6 in such a manner that said hammer 8 is 
forced in the forward direction (towards the socket 1 8) 
with respect to spring cap 11 . 

Furthermore, the circumference of said spindle 6 

5 is provided with inclined grooves 10 of limited length 
arranged in symmetrical positions, with balls 13 pro- 
vided in each of the inclined grooves 10 so that their 
circumference is in sliding contact with the hollow part 
8b of the front portion of hammer 8. As a result, said 

10 hammer 8 is forced forward under the spring force of 
spring 12 while the balls 13 are capable of reciprocal 
movement within the range in which they can move 
along inclined grooves 10. 

Furthermore, the front end of said hammer 8 

15 takes the form of two forwardly-protruding teeth 8a 
and 8a arranged symmetrically with respect to the 
shaft. The impact shaft 9 provided at the front end of 
said hammer 8 is fixed and supported at the front and 
rear on bearings 15a and 15b seated in casing 1 in 

20 such a manner as to permit free rotation, while the 
two protruding teeth 9d provided at the rear of impact 
shaft 9 are arranged symmetrically with respect to the 
shaft. Each protruding tooth 8a of said hammer 8 
meshes with a respective protruding tooth 9d of im- 

25 pact shaft 9, with a gap left between them in the di- 
rection of rotation. 

Moreover, as shown in Figure 1 a, the front end of 
impact shaft 9 is fitted with a detachable bolt socket 
18. This bolt socket 18 is interchangeable with the nut 

30 socket 24 shown in Figure 1b. 

When the motor 2 rotates with the bolt socket 18 
seated on a bolt head, the hammer 8 will, as a result 
of this arrangement, be pushed forward, as shown in 
Figure 2a, as it follows the guide of bore 13 in the ini- 

35 tial phase in which the spring force of spring 12 is 
greater than the torque of impact shaft 9, at which 
time the protruding teeth 8a of hammer 8 will rotate 
while meshing with the protruding teeth 9d of impact 
shaft 9. 

40 As the bolt-tightening force gradually increases 

and the reaction force pushing the impact shaft 9 up 
in the rearward direction becomes greater than the 
spring force of spring 12, the hammer 8 will be push- 
ed, as shown in Figure 2b in the rearward direction so 

45 that the protruding teeth 8a of hammer 8 come out of 
their engagement with the protruding teeth 9d of im- 
pact shaft 9. The hammer 8 is thus temporarily re- 
leased from the load of impact shaft 9 but will move 
forward, guided by the balls 13 in a helical movement, 

so immediately afterwards under the action of the force 
of spring 12. 

As a result, the protruding teeth 8a of hammer 8 
and the protruding teeth 9d of impact shaft 9 will col- 
lide with each other in the next mating position (the 

55 condition of Figure 2a), thereby causing an impact 
force to be generated on impact shaft 9. 

The following examples explain the various de- 
tectors provided in this system. 
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1) Impact sensor 31 (refer to Figures 1 and 2) The 
metal detecting impact sensor 31 for casing 1 is instal- 
led in the proximal position at the rear end on the cir- 
cumference of the outer cylinder 8c of hammer 8. This 
impact sensor 31 has a conventional proximity switch 5 
arranged so as to detect the presence of metal by the 
relative spacing or distance from it, in such a manner 
that an OFF signal is generated when the hammer 8 
mates with the impact shaft 9 (the condition of Figure 

2a) and that an ON signal is generated when the ham- 10 
mer 8 is pushed rearward and separated from the im- 
pact shaft 9 (condition of Figure 2b). 

Since the impact action of hammer 8 on the im- 
pact shaft 9 takes place immediately after the ham- 
mer 8 has separated from impact shaft 9, it will be 15 
possible for the impact sensor 31 to detect the occur- 
rence of an impact, as the time when this impact sen- 
sor 31 generates an ON signal. 

2) Angle sensor (refer to Figures 2 and 3) A first, 
second and third displacement track 9a, 9b and 9c, 20 
respectively, are successively created by displacing 

the respective outer diameters along the circumfer- 
ence at the rear end of the metal impact shaft 9. The 
shaping of these displacement tracks 9a, 9b, 9c is dis- 
cussed in more detail below. In addition, a displace- 25 
ment sensor 32a and the proximity switches 32b and 
32c are arranged opposite the first, second, and third 
displacement tracks 9a, 9b and 9c, respectively, in 
the casing 1, so as to constitute the angle sensor 32 
for detecting the angle of rotation of the impact shaft 30 
9 through a combination of these first, second, and 
third displacement tracks 9a, 9b and 9c and the dis- 
placement sensor 32a and proximity switches 32b 
and 32c. 

The displacement sensor 32a consists of an 35 
overvoltage-type displacement sensor and is capa- 
ble of measuring the outer-diameter displacement of 
the first displacement track by determining the dis- 
tance of the sensor 32a from the outer circumference 
of the first displacement track 9a and reflecting a va- 40 
riation in this distance as a change in the output vol- 
tage. The proximity switches 32b and 32c both func- 
tion on the same principle as that of the displacement 
sensor 32a, with the difference, however, that the 
proximity switches generate ON/OFF signals accord- 45 
ing to their respective distances from the second and 
third displacement tracks 9b and 9c. 

As shown in Figure 3a, the circumference of the 
first displacement track 9a has an elliptical shape 
such that the diameter B1-B2 is somewhat larger than 50 
the diameter C1-C2 which intersects the former at 
right angles, so that said first displacement track 9a 
has a displacement contour with a periodicity of 1 80°. 
As a result, the output voltage measured by displace- 
ment sensor 32a when the impact shaft 9 is rotating, 55 
exhibits a peak-and-valley output waveform with a 
periodicity of 180° as shown in Figure 3b. 

As shown in Figure 3a, the circumference of the 
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second displacement track 9b, however, is shaped in 
such a manner that the arc of its circumference ex- 
tending from B1 to B2 in a clockwise direction as seen 
in Figure 3a has a large diameter than the arc extend- 
ing from B2 to B1 in the clockwise direction. Thus a 
change from the greater to the smaller diameter, and 
vice versa, takes place at a periodicity of 180°. The 
1 80° detection signals obtained from the first proxim- 
ity switch 32b measuring the circumference of the 
second displacement track 9b have a linear output 
waveform, with the straight line passing 
through '0' form 0° to 180° and through T from 180° 
to 360°, as shown in Figure 3b. 

Furthermore, as shown in Figure 3a, the circum- 
ference of the third displacement track 9c is shaped 
to have portions of two discrete diameters, the small- 
er diameter portions extending from B1 to C1 in the 
clockwise direction and from B2 to C2 in the clock- 
wise direction, while the larger diameter portions ex- 
tend from C1 to B2 in the clockwise direction and from 
C2 to B1 in the clockwise direction, so that a change 
from the major to the minor diameter or vice versa 
takes place at a periodicity of 90°. The 90° detection 
signals obtained from the second proximity switch 
32c measuring the circumference of the third dis- 
placement track 9c have a linear output waveform, 
with the straight line passing through '0* from 0° to 
90°, through '1' from 90° to 180°, through '0' from 
180° to 270°, and through T from 270° to 360°, as 
shown in Figure 3b. 

Over a full 360°, the peak-and-valley waveform 
of the first displacement track 9a with a periodicity of 
180° exhibits four identical output voltage values oc- 
curring every 90°. The combination of the second and 
third displacement tracks 9b and 9c, however, shows 
different combinations every 90° over a full 360° so 
that it is possible to determine the location to which 
the output value of the first displacement track 9a cor- 
responds over the full 360° on the basis of the com- 
bination of the second and third displacement tracks 
9b and 9c. 

When, for example, the first displacement track 
9a shows the intermediate value of the peak-and- 
valley waveform in Figure 3b, the angle of rotation 
corresponding to this intermediate value may be 45°, 
135°, 225° or 315°. Yet, when the 180° detection sig- 
nal obtained from the second displacement track 9b 
is T and the 90° detection signal obtained from the 
third displacement track 9c is '0\ it follows from this 
combination that the output value can only be in the 
range from 180° to 270° so that it may be concluded 
that the shaft position is 225° if the output from sen- 
sor 32a on the first displacement track 9a is at its mid- 
point, and the outputs of sensors 32b and 32c are 1 
and 0 respectively. 

Moreover, when the angle of rotation of the first 
displacement track 9a exceeds 360°, it is possible to 
determine the absolute value of the angle of rotation 
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by adding 360° to the angle obtained from the com- 
bination of the second and third displacement tracks 
9b and 9c appearing for and from the second time. 

It is also possible to detect the torque of the im- 
pact shaft 9 with said angle sensor 32. When one in> 5 
pact is generated on impact shaft 9, it is possible to 
calculate the torque of impact shaft 9 by measuring, 
with angle sensor 32, the amount of advance of the 
angle of rotation of impact shaft 9 during the period 
between two successive ON signals generated by im- 10 
pact sensor 3 1 , making use of the fact that the amount 
of advance of the impact shaft 9 is inversely propor- 
tional to the applied bolt-tightening force. 

3) Socket sensor 33 and shape sensor 34 (refer 
to Figures 1 and 4) 15 
The centre of the impact shaft 9 has a through-hole 
9f, and the sensor rod 16 is a sliding fit in said through- 
hole 9f. The rear-end of sensor rod 1 6 mates with pro- 
truding part 9e on the shaft of spindle 9 via a spring 
17, so that force is applied to sensor rod 16 in thefor- 20 
ward direction. The front end of the sensor rod 1 6 pro- 
trudes into bolt socket 18 from the end of the impact 
shaft 9. On impact shaft 9, a pair of longitudinal slots 
20 is provided so that the pin 1 9 inserted in sensor rod 
16 extends radially through the slots 20 while, at the 25 
same time, the two ends of pin 1 9 are fastened in a 
sensor case 21. The sensor case 21 is free to slide 
axially along the circumference of the impact shaft 9. 

As a result, the sensor rod 16 can move in the ax- 
ial (forward and rearward) direction only by the length 30 
dimension of said slots 20, and the sensor case 21 
following the movement of said sensor rod 16 is 
caused to slide in the forward and rearward directions 
on the circumference of the impact shaft 9. 

The sensor case 21 is preferably made of a syn- 35 
thetic resin material and a metallic sensor ring 22 is 
inserted at the rear on to the circumference of sensor 
case 21. Installed in the vicinity of the side of this sen- 
sor ring 22 is the socket sensor 33 on the rear end, 
and the shape sensor 34 on the front end, with re- 40 
spect to casing 1. Said socket sensor 33 and shape 
sensor 34 are both metal detectors capable of detect- 
ing the presence of the metallic sensor ring 22 so as 
to detect the forward and rearward position of the 
sensor rod 1 6 according to whether or not the sensor 45 
ring 22 is detected. 

Thus, as shown in Figure 4a, when no bolt head 
36a is in the socket 1 8 , the sensor rod 1 6 is forced for- 
ward until the pin 19 makes contact with the lower- 
most end position of slots 20, while the front end of 50 
sensor rod 16 protrudes into socket 18. In this condi- 
tion, the socket sensor 33 is removed from its mating 
position with respect to sensor ring 22, and though it 
is in the OFF condition, the shape sensor 34 will make 
mating contact and be in the ON position. 55 

As shown in Figure 4b, when the bolt head 36a is 
fully inserted into the socket 18, the front end of sen- 
sor rod 16 will contact said bolt head 36a and the pin 



19 will be pushed, against the action of the spring 
force of spring 17, in the rearward direction until it 
reaches a position in which it makes contact with the 
uppermost part of the slots 20. When, in this condi- 
tion, the depth of socket 18 is larger than the height 
of bolt head 36a, a gap g will be created between the 
metal washer 37 and the underside of bolt head 36a. 
In this condition, socket sensor 33 makes contact with 
sensor ring 22 and is in the ON state, whereas the 
shape sensor 34 is removed from its contact position 
and goes to the OFF state. 

Furthermore, when socket 18 is rotated, the bolt 
36 will drop inside the socket 18, as shown in Figure 
4c and the underside of bolt head 36a will make con- 
tact with metal washer 37 so that the gap g will dis- 
appear. In this condition, the sensor ring 22 will also 
drop as the sensor rod 16 descends, so that both the 
socket sensor 33 and the shape sensor 34 will make 
contact with said sensor ring 22 and thus go to the ON 
state, thereby making it possible to detect that the bolt 
head 36a is correctly seated on metal washer 37 
above the tightening spring 38. 

In this manner, it is possible to detect whether the 
bolt head 36a is in the normal engagement condition 
inside socket 18 by way of detecting that the shape 
sensor 34 is in the ON state after the socket sensor 
33 has acquired the ON state. 

In the above arrangement, the bolt socket 1 8 pro- 
vided at the front end of the impact shaft 9 can be re- 
placed by the nut socket 24 as shown in Figure 1 b. As 
shown in Figure 5, this is useful for tightening a nut 
39a on to a stud bolt 39. 

If the bolt socket 1 8 is used with a nut 39a in mesh 
with a stud bolt 39, the sensor rod 16 will not be ca- 
pable of detecting any change in the tightening of nut 
39a unless its contact position with stud bolt 39 
changes. To permit detection by means of said sensor 
rod 16, the nut socket 24 is formed by insertion of an 
inverted cup-shaped nut case 25 in the socket ar- 
ranged so that its base makes contact with sensor rod 
16. 

As shown in Figure 5b, this type of nut socket 24 
permits free extension of the stud bolt 39 in the inter- 
ior of nut case 25 when the upper end of nut 39a has 
contacted the lower circumference of nut case 25. As 
a result, it is possible, as shown in Figures 5a to 5c 
using the same action as that explained above for the 
bolt socket 18, to detect by means of socket sensor 
33 and shape sensor 34 that the nut 39a has been 
tightened, on to a stud bolt 39. 

4) Bolt Extraction Height Sensor 35 (refer to Fig- 
ures 6 and 7) 

Figures 6 and 7 show a system with a built-in array 
of two of the above impact wrenches 45. The trolley 
frame 42 is equipped with wheels 41 and 41 at the 
front and rear so that it can be positioned on a track 
rail 40. The trolley frame 42 is equipped with freely 
oscillating slide rails 43 and 43 independently posi- 
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tioned on either side of the rail 40 on which the trolley 
frame 42 moves. Each of these slide rails 43 and 43 
is provided at the top with a wind-up type plate spring 
44 an 44 for weight balancing. Guide plates 43a and 
43a projecting from the sides of each of the impact 
wrenches 45 and 45 are siidably inserted in slide rails 

43 and 43, and the lower ends of said plate springs 

44 and 44 are fastened on to these guide plates 43a 
and 43a, respectively. 

By this means, each of the two impact wrenches 

45 and 45 will maintain their floating balance inde- 
pendently suspended on plate springs 44 and 44, so 
that they can be easily moved up and down by oper- 
ating the handle 47. It is also possible to alter their 
front-rear and left-right positions with respect to the 
bolt 36 to be tightened. 

In addition, the impact wrenches 45 and 45 are 
laterally equipped with a metal detector type bolt ex- 
traction height sensor 35, and a vertically movable 
metal plate 46 is laterally mounted on the slide rails 
43 and 43. 

The grip of said handle 47 is equipped with an op- 
erator switch 48 for clockwise rotation and an operator 
switch 49 for counter-clockwise rotation, positioned to 
be operated by the thumbs of the user. The top part 
of the impact wrench has a controller 50 with an 
Auto/Manual select switch 51 , a rotation angle setting 
knob 52 and a torque setting knob 53 (see Figure 8). 

When the bolt 36 of the rail tightening device is 
slackened to extract it completely or slacken it only a 
little, the bolt may come out totally or its height of ex- 
traction may not be aligned, seeing that it is not pos- 
sible to control the extraction height with the manual 
switch because of the coarse screw pitch of bolt 36. 

As a result, provision is made to permit the auto- 
matic adjustment of the bolt's extraction height by us- 
ing, in the above construction, a bolt extraction height 
sensor 35 and the brake circuit of motor 2. 

Thus, the metal plate 46 along slide rail 43 can be 
adjusted by moving it up or down in such a manner as 
to previously select the height of the metal plate 46 in 
accordance with the desired bolt extraction height so 
that when the bolt extraction height is to be set to a 
small amount (as shown in hi of Figure 6b), this metal 
plate 46 is located in a lower position, and, converse- 
ly, when the bolt extraction height is to be set to a 
large amount (as in h2 of Figure 6c) this metal plate 

46 is located in an upper position. 

In this manner, the bolt extraction height sensor 
35 will be in the OFF condition without detecting the 
metal plate 46 at the start of the bolt slackening proc- 
ess shown in Figure 6a. As shown in Figures 6b or 6c, 
however, when the tightened bolt 36 is pushed up- 
wards under the slackening action on tightened bolt 
36, the bolt extraction height sensor 35 will go to the 
ON state when it detects the metal plate 46 in accor- 
dance with the desired bolt extraction height and the 
power supply to motor 2 will be interrupted. The rota- 



tion of said motor 2 is then stopped through the brake 
circuit described below so that the desired bolt extrac- 
tion height can be achieved automatically. 

The following explanations refer to the above im- 
5 pact wrench and sensor circuit layouts as shown in 
Figure 8a. 

Apart from the Auto/Manual select switch 51 and 
the operator switches 48 and 49 for clockwise and 
counter-clockwise rotation, the controller 50 alsofea- 

10 tures a rotation angle setting knob 52 and a torque 
setting knob 53 as well as the above sensors, that is, 
the impact sensor 31, the angle sensor 32 (the first, 
second and third displacement sensors 32a and the 
proximity switches 32b and 32c), the socket sensor 

15 33, the shape sensor 34, and the bolt extraction 
height sensor 35 all of which are designed to provide 
input to the controller 50. 

The output from controller 50 is applied to the 
electric motor 2 through the clockwise rotation relay 

20 54, the counter-clockwise rotation relay 55 and the 
brake relay 56, while the solid state relay 57, receiv- 
ing the commands from controller 50, is connected 
with the clockwise rotation relay 54, the counter- 
clockwise rotation relay 55 and the brake relay 56 so 

25 that the intermittent ON/OFF action (inching) of solid 
state relay 57 is controlled by the ON state of the re- 
lays 54, 55, and 56. 

As shown in Figure 8b, the clockwise and coun- 
ter-clockwise rotation circuits and the brake circuit for 

30 the electric motor 2 are designed so that the brake re- 
lay (b) for the single-phase electric motor 2 with a ser- 
ies-wound collector is operated in the ON condition of 
the clockwise rotation relay (R) or the counter-clock- 
wise rotation relay (F). 

35 The operating procedure for the bolt tightening 

process using the impact wrench described above 
will be explained by referring to the charts of Figures 
9 and 10. 

As shown in Figure 9, the total rotational angle 

40 setting has been preset with the rotation angle setting 
knob 52, and the snug torque setting has been made 
using torque setting knob 53. 

The head 36a of the bott 36 to be tightened is now 
inserted into the socket 18, and the auto switch 51 is 

45 turned to ON so that when the clockwise rotation op- 
erator switch 48 (hereinafter called the clockwise ro- 
tation switch) is turned ON, the clockwise rotation re- 
lay 54 is in the ON state. 

When the socket 18 is properly engaged on bolt 

so head 36a, the socket sensor 33 goes to ON and the 
operation sequence moves to the next stage. If, how- 
ever, the bolt head 36a is not positively engaged in 
socket 1 8, the socket sensor 33 will switch to OFF and 
the solid state relay 57 will control the electric motor 

55 2 in such a manner as to cause repeated start/stop 
operation (inching) consisting of 0.1 second rotation 
and 1.0 second stop, with respect to the socket 18. 
When the socket 18 is eventually correctly engaged 
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on bolt head 36a, the socket sensor 33 will go to ON. 

The next step is to delay rotation by 0.2 seconds 
using a timer. This means that after the socket 1 8 has 
been correctly engaged on the head of bolt 36, there 
will be a pause of 0.2 seconds until the head of said 
bolt 36 is completely home in the interior of socket 18. 

Following this, the solid state relay 57 goes to ON 
and rotation is started under the action of motor 2. In 
this condition, theshape sensor 34 will detect that the 
head of said bolt 36 is seated on the upper surface of 
tightening spring 38. 

However, the impact sensor 31 will detect that an 
impact has occurred on impact shaft 9 by detecting 
the floating condition of hammer 8. From this mo- 
ment, the angle sensor 32 will measure the angle by 
which the impact shaft 9 advances each time an im- 
pact occurs, and the total angle of rotation of the im- 
pact shaft will be measured starting from the time at 
which the predetermined snug torque value is 
reached, i.e.from the time at which the angular ad- 
vance caused by one impact becomes less than a 
preset limit. 

At the time at which the total angular advance of 
the impact shaft 9 has reached the previously set ro- 
tational angle value, the solid state relay 57 will go to 
OFF and the brake relay 56 will be active. 

In this condition, the clockwise rotation switch 48 
is timed to remain inactive for 1 0 seconds although it 
is in the ON condition so as to prevent its repeat ac- 
tion which could occur as this clockwise rotation 
switch 48 remains in the ON state. 

After rotation of the motor 2 has been stopped un- 
der the action of said brake relay 56, the rotational an- 
gle measuring value will then be reset when the clock- 
wise rotation switch 54 is stopped. 

As shown in Figure 9, the system is designed so 
that data processing takes place as shown in the Fig- 
ure when the clockwise rotation switch 48 is in the 
OFF state. This is achieved through control status 
data processing for controller 50 and makes it possi- 
ble to record the tightened state for each and all bolts 
using, for example, a conventional integrated circuit 
card. 

When bolts are slackened, the metal plate 46 for 
the bolt extraction height sensor 35 is previously set 
to a height corresponding to the desired bolt extrac- 
tion height. 

When the socket 18 is not inserted onto the head 
of the bolt 36 to be tightened and the AUTO switch 51 
is in the ON state and the counter-clockwise limit 
switch (hereinafter called reverse switch) 49 is then 
switched ON, the counter-clockwise rotation relay 55 
will go to ON. 

The detection operation of socket sensor 33 in 
the next stage will be to detect whether or not the 
socket 18 has been correctly located on the head of 
bolt 36 in the case of bolt extraction. This is similar to 
the case shown in Figure 9. 



After the socket 1 8 has been correctly located on 
the head of bolt 36, the bolt head 36a is allowed to 
reach its position fully home in the socket 18 by de- 
laying rotation for 0.2 seconds using a timer so that 
5 when the bolt extraction height sensor 35 is in the 
OFF state, solid state relay 57 goes to ON, and con- 
versely, when the bolt extraction height sensor 35 is 
in the ON state, solid state relay 57 goes to OFF, re- 
sulting in the brake relay 56 being active. In this con- 
to dition, a 1 0 second timer is operated as above so that 
when the reverse switch 54 is interrupted after rota- 
tion of motor 2 has been stopped, the counter-clock- 
wise rotation relay goes to OFF. 

As explained above, the bolt-tightening method 
15 using the impact wrench according to this invention is 
devised so that the tightening reaction force is detect- 
ed for each bolt actually being tightened by measur- 
ing the amount of advance of the angle of rotation as- 
sociated with any one impact after impact has been 
20 generated while the snug torque has been generated, 
and the time at which this amount of advance of the 
rotational angle has reached the preset snug torque 
(snug torque setting) is taken as the starting point for 
the commencement of measurement of the angle of 
25 rotation of the impact shaft, and the electric motor is 
stopped at the time at which this preset rotational an- 
gle has reached the predetermined amount of ad- 
vance of the rotational angle (preset rotational angle 
advance). 

30 As a result, the snug torque setting can be varied 

in this bolt-tightening method so that it is possible to 
make the settings in accordance with, and to suit, the 
bolt-tightening environment without using the impact 
generating period which may vary according to vari- 

35 ous factors as the snug bolt setting, as has been the 
case in the conventional bolt tightening methods con- 
sisting of rotational angle and torque methods. 

Moreover, the angle sensor is a contact-free 
sensing device with respect to any of the objects 

40 measured so that it is not influenced by the thrust 
force of the impact shaft and thus permits measure- 
ment results of high accuracy. 

In accordance with the above invention, it is thus 
possible to achieve automatic bolt-tightening opera- 

45 tion under the specified bolt-tightening force without 
relying on the sense or skill of the operator so that 
even an inexperienced operator can perform correct 
bolt-tightening operations without giving rise to varia- 
tions in the bolt-tightening force. 

50 

Claims 

1. An impact wrench comprising a motor, a spindle 
55 (6) coupled with the output shaft of the motor, a 

hammer (8) which is capable of forward and rear- 
ward movement and of rotational motion follow- 
ing said spindle (6), and a socket (18, 24) fixed to 
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an end of said impact shaft (9) to engage a fas- 
tener (36, 39a) to be tightened, wherein the ham- 
mer (8) is resi liently urged in the forward direction 
into coaxial mesh alignment with the impact shaft 
(9) and cam surfaces (8, 10, 13) on the hammer 5 
(8) and the spindle (6) urge the hammer (8) away 
from the impact shaft (9) when the torque exerted 
by the spindle (6) on the hammer (8) exceeds a 
preset value, a gap being left between the ham- 
mer (8) and the impact shaft (9) in the direction 10 
of rotation so that when the mesh contact be- 
tween the hammer (8) and the impact shaft (9) is 
released as a result of said hammer (8) moving 
against the resilient force, said hammer (8) is 
again brought into mesh contact with the impact is 
shaft (9) under the spring force applied in the for- 
ward direction so that an impact force is generat- 
ed with respect to the direction of rotation of said 
impact shaft (9), characterised in that the impact 
wrench further includes an impact sensor (31) 20 
detecting the release of said hammer (8) from 
said impact shaft (9), and an angle sensor (32) 
measuring the angular rotation of said impact 
shaft (9), so as to measure the torque exerted by 
said impact shaft (9) by measuring the angle 25 
through which the impact shaft (9) advances 
each time said impact force is generated, the an- 
gle sensor (32) serving also to measure the total 
angle through which the impact shaft (9) advanc- 
es from the time at which the measured torque 30 
reaches a previously set snug torque value, the 
power supply to said electric motor (2) being dis- 
connected when the total angle has reached a 
pre-defined value to stop the rotation of said im- 
pact shaft (9). 35 

2. An impact wrench according to claim 1, charac- 
terised in that the spindle (6) is provided with in- 
clined grooves (10), and balls (13) are positioned 
in each of the inclined grooves (10) in sliding con- 40 
tact with axial grooves (8b) in the hammer (8), so 
that when the torque exerted by the spindle (6) on 
the hammer (8) exceeds a predetermined value 
the balls (13) move along the grooves (10) and lift 
the hammer (8) away from the impact shaft (9). 45 



placement track (9a, 9b and 9c), respectively, of 
varying outer diameters extending round the im- 
pact shaft (9), the first displacement track (9a) 
having a major diameter (B1-B2) and a minor di- 
ameter (C1-C2) which intersects the major diam- 
eter (B1-B2) at right angles, the second displace- 
ment track (9b) having half of its circumference 
formed by an arc (B1 to B2) of a larger diameter 
and half of its circumference formed by an arc (B2 
to B1) of a smaller diameter, and the third dis- 
placement track (9c) is formed by four quadrant 
arcs of alternate larger and smaller diameters, 
(B1 to C1 , B2 to C2, C1 to B2, and C2 to B1), each 
displacement track (9a, 9b, 9c), respectively, 
having a detector (32a, 32b, 32c) sensitive to the 
diameter of the track at the sensor location. 

5. A method of tightening a fastener using an impact 
wrench wherein a series of rotational impacts are 
delivered to an impact shaft (9) by a drive means 
consisting of an electric motor (2), a spindle (6), 
and an axiaily reciprocating hammer (8) mounted 
on the spindle (6), characterised by comprising 
the steps of: 

a) measuring the torque applied to the impact 
shaft (9) by measuring the angle through 
which the impact shaft (9) advances each 
time an impact is generated; 

b) determining the instant when the angle 
measured in step a) reaches a preset limit val- 
ue; 

c) measuring the total angle of rotation of the 
impact shaft (9) from the instant determined 
in step b); and 

d) disconnecting the drive to the spindle (6) 
when the total angle measured in step c) has 
reached a pre-defined value. 



3. An impact wrench according to claim 1 or claim 
2, characterised in that the impact sensor (31) is 
a proximity switch arranged adjacent the end of 

the hammer (8) remote from the impact shaft (9), so 
and generates an OFF signal when the hammer 
(8) mates with the impact shaft (9), and an ON 
signal when the hammer (8) is separated from the 
impact shaft (9). 

55 

4. An impact wrench according to claim 1 , claim 2 
or claim 3, characterised in that the angle sensor 
(32) comprises a first, a second and third dis- 
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